Sodium-lithium countertransport activity in red cells of patients with insulin dependent diabetes and nephropathy and their parents
Objective-To determine whether there are familial and genetic aspects of sodium-lithium countertransport activity in red cells in diabetic nephropathy.
Design-Case-control study. Setting-Teaching hospital diabetic clinic. Subjects-40 Patients with insulin dependent diabetes, both of whose parents were alive: 20 with persistent proteinuria and 20 with normal albumin excretion matched for age, duration of diabetes, and body mass index. All 80 parents.
Main outcome measures-Sodium-lithium countertransport activity in red cells and arterial blood pressure.
Results-Sodium-lithium countertransport activity in red cells was higher in the patients with proteinuria than in the patients with normoalbuminuria (mean (95% confidence interval) 0-47 (0.39 to 0.54) v 0-33 (0-28 to 0-38) mmol/l red cells/h respectively, p=0-0036; mean difference 0*14 (0*04 to 0.22)). The mean countertransport activity for the two parents of each patient was calculated, and from this the mean value for each group of parents was calculated; the value was higher in the parents of the patients with proteinuria than in the parents of the patients with normoalbuminuria (0.40 (0-32 to 0.48) v 0*30 (0.26 to 0.33) mmol/l red cells/h respectively, p=0-016; 0-10 (0-02 to 0.19)). Twenty eight of the parents of the patients with proteinuria compared with 12 of the parents of the patients with normoalbuminuria had a countertransport activity that was above the median value in all 80 parents (p<0001). Mean arterial blood pressure in the parents of the patients with proteinuria was related to that of their offspring (r=0.46; p<001). There was a positive correlation between the sodium-lithium countertransport activity in red cells in the parents and their offspring when ali parents and patients were considered (r=0-37; p<0001).
Conclusions-Increased sodium-lithium countertransport activity in red cells in the parents ofdiabetic patients with nephropathy provides further evidence that familial, and possibly genetic, factors related to a predisposition to arterial hypertension have a role in the susceptibility of diabetic renal disease.
Introduction
The factors that predispose a substantial subset of diabetic patients to the serious complication of diabetic nephropathy have not been elucidated.' Although poor glycaemic control may play some part, it is unlikely to be the sole determinant.25 Recent work has shown that diabetic nephropathy clusters in families, the frequency of nephropathy in diabetic siblings of diabetic probands with nephropathy being five times that in diabetic siblings of diabetic probands without nephropathy. 6 The importance of familial factors, and thus possibly heredity, has been further emphasised BMJ VOLUME 301 29 SEPTEMBER 1990 by the finding of a raised arterial pressure in the parents of insulin dependent diabetic patients with proteinuria. 
Subjects and methods
The overnight urinary albumin excretion rate is screened regularly in all patients with insulin dependent diabetes attending our diabetic clinic. All of the patients with persistent proteinuria (defined as an overnight urinary albumin excretion rate > 150 [tg/min in at least two consecutive collections in the absence of urinary sepsis, congestive cardiac failure, or any other overt renal disease) and all of those with persistent normoalbuminuria (defined as an overnight urinary albumin excretion rate < 15 ,ug/min in at least two out of three collections, to exclude persistent microalbuminuria) were asked to complete a family history questionnaire to identify those whose biological parents were both alive.
Twenty patients (12 men, eight women) with persistent proteinuria whose biological parents were both alive were identified; they were matched for age, duration of diabetes, and body mass index with 20 patients with normoalbuminuria (nine men, 11 women) whose biological parents were both alive who had been randomly selected from the larger group of diabetic patients with normoalbuminuria. All patients and parents were of European origin, and none of the parents were known to have hyperlipidaemia, thyroid disease, or diabetic nephropathy.
Sixteen (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) in indoor clothing without shoes, and their height was measured. Blood pressure (phases I and V) in the right arm was measured twice to the nearest 2 mm Hg with a standard sphygmomanometer by one observer; measurements were made with the subject supine after 10 minutes' rest. Mean arterial pressure was calculated as the diastolic pressure plus one third of the pulse pressure and the mean of the two measurements used for calculation. A blood sample was taken from all subjects for measurement ofplasma glucose concentration (glucose oxidase method, Yellow Springs Instruments, Yellow Springs, Ohio). Glycated haemoglobin concentration was measured by electroendosmosis (Corning Chemical, Palo Alto, California) in only the diabetic patients. Sodium-lithium countertransport activity in red cells was measured in all subjects as described previously.9 Urinary albumin concentration was measured by radioimmunoassay" in timed overnight collections made within three months of the measurement of sodium-lithium countertransport activity in the diabetic patients. Glomerular filtration rate was assessed by clearance of edetic acid labelled with chromium-5 1 and expressed in ml/min/Il 73m2. 14 The study was approved by the hospital's ethical committee.
Student's t test was used to compare normally distributed data, Wilcoxon's rank sum test to compare non-normally distributed data, and x2 tests with Yates's correction to compare discrete variables. Correlation coefficients were calculated by using the Pearson product moment correlation.'5
Results
The patients with and without nephropathy had similar glycaemic control as assessed by the fasting blood glucose concentration (median (range) (2-0-19-9) v 9 7 (5-2-21-0) mmol/l respectively) and glycated haemoglobin concentration (8-5 (6-5-13 5) v (8-2 (6 0-1 1 -0) %), but the mean supine blood pressure was higher in the patients with proteinuria (106 (72-123) v 86 (73-100) mm Hg, p<0001). By selection the urinary albumin excretion rate was higher in the group with proteinuria (geometric mean 314 (range 170-589) v 6-7 (4-8-9 2) [ig/min). Similarly, the glomerular filtration rate was lower in the patients with proteinuria (mean 72 (15-125) v 127 (97-154) ml/min/1 73m2). Age, duration of diabetes, and body mass index were similar in the two groups of patients (table) .
The two groups of parents were well matched for age and body mass index (table). Fasting blood glucose concentration was similar in the two groups (mean 5 0 (4-0-13-2) mmol/l in the parents of the patients with proteinuria v 5*0 (3-2-18-7) mmol/l in the parents of the patients with normoalbuminuria). Mean values obtained in each parental group were considered the mean was still significantly higher in the parents of the patients with proteinuria (0 40 (0 34 to 0 46) v 0 30 (0-26 to 0-33) mmol/l red cells/h, p=0-0023; 0 10 (0-03 to 0-18)). The median sodium-lithium countertransport activity in red cells in all 80 parents was 0-35 mmol/l red cells/h. Twelve of the parents of the patients with normoalbuminuria had values above this (both parents of two patients and one parent of eight patients). In contrast, 28 of the parents of the patients with proteinuria had values above the median (both parents of 10 patients and one parent of eight patients); this difference was highly significant (x2= 11-25; p<0001; odds ratio 5 4).
There was a significant correlation between blood pressure in the parents of the patients with proteinuria and that in their offspring (r=0-46, p<0 001). Sodiumlithium countertransport activity in red cells showed a correlation between the parents and their offspring when both groups of parents and patients were considered (r=0 37; p<0001) (figure). 
Discussion
The observation that diabetic nephropathy develops in only about one third of patients with insulin dependent diabetes5 has led investigators to search for familial, and possibly genetic, factors that may predispose patients to, or protect against, this complication. Recently a familial clustering of diabetic renal disease has been reported6 and two studies have suggested that a familial predisposition to arterial hypertension may contribute to the susceptibility to diabetic nephropathy.78 Moreover, an increased maximum velocity of the sodium-lithium countertransport in red cells, a marker of risk for essential hypertension,'6-8 has been shown in patients with insulin dependent diabetes and proteinuria.8'0 The contribution of environmental rather than familial or genetic factors to this abnormality of the cell membrane cation transporter, however, remains a matter for debate. [19] [20] [21] [22] [23] Our findings, as well as confirming that sodiumlithium countertransport activity in red cells is increased in diabetic patients with proteinuria, show for the first time that this activity is significantly increased in the parents of these patients, thus strongly supporting the view that familial, and possibly hereditary, elements are centrally important in this phenomenon. In the general population familial aggregation and high hereditability of the sodium-lithium countertransport activity in red cells have been reported. Several studies have estimated that as much as 80-90% of the individual variance in this activity can be accounted for by inheritance," 12 and a model with a major gene or a polygenic transmission, or both, has been proposed." Our data, although obtained from a small sample, seem to support this view of an intermediate form of inheritance. Interestingly, both parents of 10 of the 20 patients with proteinuria but both parents of only two of the 20 patients with normoalbuminuria had a sodium-lithium countertransport activity that was above the median for all 80 parents.
All the parents were white and of similar age and body weight; moreover, none were known to have hyperlipidaemia, diabetic nephropathy, or thyroid disease and none were pregnant. Thus ethnic and environmenal factors that may affect sodium-lithium countertransport activity in red cells'9-23 are unlikely to have accounted for the observed difference.
Although the overlap in the sodium-lithium countertransport activity in red cells between the two groups of parents and offspring suggests that a raised activity is not the only factor responsible for the development of nephropathy, our findings indicate that a strong familial factor, possibly related to the genesis ofarterial hypertension, operates in the susceptibility to diabetic kidney disease.
Arterial blood pressure was similar in the two groups of parents, but a higher proportion of the parents of the patients with proteinuria were taking antihypertensive treatment. The association between the sodiumlithium countertransport activity in red cells and arterial pressure is complex, and recent evidence suggests that increased activity is more specific for a subset of hypertensive patients who are at increased risk of renal and cardiovascular complications, having a family history of hypertensive and cardiovascular disease.2425
The pathogenic mechanism by which a familial, and probably genetic, predisposition to an increased sodium-lithium countertransport activity in red cells contributes to renal disease in diabetes remains to be elucidated. This transporter is believed to be a mode of operation of the physiological sodium-hydrogen antiport, a ubiquitous cell membrane cation transport system that has a role in regulating reabsorption of sodium by renal proximal tubules and growth and reactivity to various .vasoactive and growth factors of smooth muscle and mesangial cells.2630 A genetically determined hyperresponsiveness of this system, as recently suggested by in vitro studies,3' to the hormonal and metabolic disturbances of diabetes, could be implicated in the pathogenesis of the haemodynamic and structural abnormalities associated with arterial hypertension and-renal disease in diabetes.
